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SEISMIC INTERPRETATION - WELL TO SEISMIC CALIBRATION

SYDNEY BASIN PLAYFAIRWAY ANALYSIS - CANADA - July 2017

§- Map Legend Geological Map Legend N 2D surveys
Boundaries Pictou Group A
Clg::i;r — m:";:’g‘r‘:;‘;e"a"" Boup (@) 1981-PetroCanada 15 lines — 1367 km PreSTM — Reprocessed in 2003 — Multiples present
/) Protected Area B Windsor Group ' (b) 1982-PetroCanada 13 lines — 283 km Stack — Reprocessed in 2003 — Very bad quality
@ Reference Wells :?en:: S;::: lateral reverberation
(c) 1983-PetroCanada 11 lines — 260 km PreSTM — Reprocessed in 2003 — Multiples present
§' Offshore Surveys (d) 8620-M006-001E 22 lines — 1095 km Scanned stack — 1971 — Many multiples
Husky (e) 8620-M006-002E 32 lines — 641 km Scanned stack — 1972 — Many multiples
gg;;_:ﬂ?g’o‘o’f;z‘; Newfoundland (f) 8620-M006-003E 2 lines — 165 km Scanned stack — 1974 — Many multiples
8620-M006-001E-23 (g) 8620-TO07-005E 4 lines — 341 km Scanned stack — 1971 — Many multiples
:2;:':&%%2%%71’22232 i p (n) 8624-M006-001E 22 lines — 467 km Scanned stack — 1972 — Many multiples
: S POOBIDEEAS ' / (i) 8624-TO07-006E 13 lines — 1061 km Scanned stack — 1970 — Many multiples
8] 8624-T007-006E-13 / () 8624-T0O07-007E 22 lines — 1621 km Scanned stack — 1974 — Severe multiples
:gjﬁgggzﬁgjg / (k) 8624-T007-011E 13 lines — 1114 km Scanned stack — 1975 — Severe multiples
1980-Donkin 2D-05 7 . : () CCSNS* 2 lines — 27 km PreSTM — 2013 — High frequency seismic
ggii:ﬂ?g%‘éiﬂ"z - (m) Donkin 5 lines — 48 km Stack — 1980 — Severe multiples
Onshore Surveys / (n) 2010 Survey 12 lines — 1129 km PreSTM — 2010 — Best quality in the offshore area
§- 2012-CCSNS-Birch-Grove _ M? da&ena ’ (o) Lithoprobe 1line — 173 km PSTM — 1981 — Many multiples
g fgfg ;‘::::;‘g:g::: slands (p) Murphy* 10 lines — 42 km Stack — 1972 — Bad quality
St Georges Bay E : \ R (q) VINO3-SYD* 5 lines — 25 km PoSTM — 2003 — Isolated onshore lines
o P91 4 4 ’ * onshore surveys
/ ) ‘(\\ / /
, £ ‘ / ‘ Time scale (time in Ma) 5?;;:“" Lithostratiaraoh seimic|  Depositional | Tectonic
7 N\ / (afier XXX) 100 o npy Horizon | Environment Events
g‘ & = Onshore Offshare H8
° = # N\ 7 r Intra Cratonig
) 4 \ Subsidence
X 295 5 '
| \ o E §.3|!
] 3 e . N | 5 = § §&:
/ %r’ ' ‘ Ny ’ N . i > R .:- e @) _g E g § Transpression
: ' Nova Scotia ‘”? ¥ , N . o § =¢
§‘ ‘ 304 % §
® ; 305 9
Prince Edouard 307 =
‘ island _ L | Y
' 310 | & i O| Compression
P-140 3 = 3 L2
o e P 313 2] o E $ %
- / 3 = M O] ;—E £ S| Intra-Cratonic
g g 2 y 315 g E ~H6 - g :;_ 2 Subsidence
g W o ,.\, E § 2 E [ Local Uplift
e ’ Projection system: UTM 20N H5 = : Transpression
.. Datum: NAD27 320 b= Foreland basin
Ellipsoid: Clarke 1886 _E 3 Sliding
323 (‘3— € = 5 £ and thrusting
=] n e
0 40000m 325 3 Y £33 -
@ 553
¢ 7 1: 1250000 E £ g2
— 3 < X 329 g
T T T T T T a
500000 550000 750000 800000 850000 950000 ;:;:10 - — "
o
...... 2 [+7]
Seismic horizons Figure 1: Location map of the seismic surveys - g E 333
= = g "q;, % Con‘fl;:llex;:l:ne
All horizons were interpreted from scratch. The seabed was W2 5ELet dhaiired
extracted from the public domain (Atlantic Sea Floor in m, then 340 x % gggé
converted in TWT with a velocity of 1500 m/s) . Seismic database - % s8l
. . . . . . . . . . 345 5 E Subsidence
The seismic interpretation was undertaken on various 2D seismic surveys mainly located in Sydney Basin, 346 el _
» Top South Bar _ , _ _ o 3
« Top Sydney Mines with some lines also crossing the Cabot Fault complex up to the southeastern part of the Magdalen Basin. R
. . . . . . . 350 & 3 P-ru % 2 .
- Westphalian/Namurian Unconformity In total, 17 2D seismic surveys. were made ava.ulable.for. the prOJect as shown in Figure 1, measuring a total 8 § ZEZ [ruramanoun
. Top Windsor length of 9,860 km. They are listed below. Their quality is variable; only the 2010 survey, CCSNS and some = g 3 qE
. . . S o :_-:5,;‘ §
- Top Lower Windsor PetroCanada reprocessed lines have fair quality. 355 & £ éfJ
° TOp HOrtOn 8 E Transtension
= H1— Basalt/Rhyolite
» Top Basement 360 5 N
E [ Late
LI“E £ Acadian Orogen
363 Lithologi
Plate 5.2.1.6 gives the seismic definition in the picking of these E'?Ea““"‘e-“w‘_“m-”.a‘"e T I i s Tie sl fom ot 2013
horizons. — i— — i —i——— N S
Figure 2: Stratigraphic chart of the Sydney Basin, Nova Scotia
N

Seismic Database

PL. 5.1.1




SEISMIC INTERPRETATION - WELL TO SEISMIC CALIBRATION

SYDNEY BASIN PLAYFAIRWAY ANALYSIS - CANADA - July 2017

Example of different survey qualities

The sections below illustrate the great range of seismic quality between the different surveys. They were all taken in the dip direction, perpendicular to the main faulting system, and both lines of each figure are very close to each other (except in Figure 4).
* Figure 1: the best seismic quality is observed in the recent 2010 survey lines (left). These lines are key for interpreting the deepest horizons, i.e. Basement and Horton;
» Figure 2: the 1981- (left) and 1983-PetroCanada reprocessed vintages (not displayed) enable extension of the seismic interpretations in the area between the North Sydney and Saint-Paul wells (PL. 4.1.1 Figure 1);

» Figure 3: the long-range Lithoprobe line (left) gives some details regarding basement structures, but has strong sea bottom peg-legs in the shallow parts which may completely mute the signature of the North Sydney high around both wells;
» Figure 4: example of very low quality surveys: non-migrated 1982-PetroCanada and 8624-T007-011E.
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Comments

No checkshot survey was available.

The well was calibrated using the recent
CCSNS line (line L1) — 1350 m of offset —
that has greater seismic quality rather
than the nearest line to the well (MUR72-
SYDO02 at 150 m from the well). A lateral
copy/paste of the synthetic is done at the
end of the Murphy line for checking the
relevance of this calibration.

Sydney Mines

South Ba

PICTOU Gp

Gp

r

MABOU Gp

Morie

Time (ms)

mark RPS WELL HEADER
Lithology GH tat DT RHOB Al Synth SEIS
. Well Name
2.5 a8 a 100 200 100 50 2 E_.E 5000 10000 15000 -0.250 D.25-1UC!HD 0 10000
...I!...I'.. A S L 0 8 VT 0 00 AR 0 8 LR 0 0 AR MO Ul T AU Sl LFL (AL S TS VALY I TR TR TR TR N TRARY ST T PR AT YUY A T AT T T I T WY iy L |
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UTM coordinates (NAD27, Zone 20N)

BIOSTRATIGRAPHY

SEISMIC LOCATION
Survey

Line

CDP / Trace

Offset (m)

SEISMIC MARKERS
Age (Ma) Name

0 Seabed
309 Sydney Mine
: 313 Waddens Cove
e = = 5 - _ 315 South Bar
323 Point Edward — Westphalian/Namurian unc.
329 Cape Dauphin
1 331 Woodbine Road
::Z— 334 Meadows Road
sl : 339 Sydney River
Initial T/D relationship from sonic integration (assessed TWT shift at sonic log origin: 28 ms) 360 Pre-Rift

Added TWT shift for synthetic calibration: +58 ms

CCSNS-1 P-140
37.6m

1527 m (MD R.T.)
Lat: 46° 10’ 35.62” N
Xy : 731597

RPS Energy 2017

CCSNS 2013
L1
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1350
ms (TWT)
(onshore)
(no data)
(no data)
247
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548

(not present)
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Comments

A checkshot survey was available
Strong multiples are observed at shallow
depth, preventing the use of the classic
primaries leaving only synthetic (blue in the
log panel). A reflectivity with IBMM (internal
bedding multiple modeling) option was
created in EasyTrace™ by using a pre
seabed layer simulating the first peg-leg in
the marine layer and initializing the IBMM.

The calibration of F-24 (well on the left of the
section) was achieved using the synthetic
with multiples (in purple in the log panel and
along the well path in the section). The final
adjustment was done with the help of P-05’s
calibration and the easy propagation of the
horizons.
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SEISMIC LOCATION
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Offset (m)

SEISMIC MARKERS

IBMM generation: each layer —i.e. each
reflectivity — becomes itself a source

AR
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Initialization of the first peg-leg in the sea layer through a sea
bottom mirror reflectivity
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Comments

A checkshot survey was available

Very strong multiples exist in the shallow
levels, preventing the use of the classic
primaries leaving only synthetic (blue in the
log panel). A reflectivity with IBMM (internal
bedding multiple modeling) option was
created in EasyTrace™ by using a pre
seabed layer simulating the first peg-leg in
the marine layer and initializing the IBMM
edit as for F24 (see PL. 5.2.1.3 for details).

The calibration of P-05 was achieved using
the synthetic with multiples (in purple in the
log panel and along the well path in the

section).
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Definition and interpretation of the shallow horizons Y Y Y F Y Y

1100 1a00 g00 200 Foo GO0 500 400 300 00 100

Wells F-24 and P-05 are the only ones where it is possible to tie the shallow horizons, i.e.: 8-

. Westphalian/Namurian Unconformity (equivalent to top Point Edward at the wells); =
. Top South Bar; =
. any shallower horizon.

The seismic vintages show significant differences in terms of frequency, quality, polarity, and even residual 2D misties, and so it is S—
difficult to assign a seismic feature — maximum, minimum or zero-crossing of a seismic event — to any horizon. Only the ar
Westphalian/Namurian Unconformity can be easily followed and recognized on some of the PetroCanada 1981 lines. The tie-up of these West./Nam. uncgﬁf’.;

horizons is shown in PL. 5.2.1.3 and -.5.2.1.4

1600
|

Definition and interpretation of the deep horizons

TWT {ms below 0 mete
18|DD

2000

Horizons deeper than Top Mabou (=Westphalian/Namurian Unconformity) are present in P-91 (Windsor Fm.) and CCNS-1 (Top
Basement), but the location of the wells makes it difficult to the extrapolate these horizons:

2200
|

. It is difficult to extrapolate the deep levels across the Cabot major faults (P-91 isolated on a high); . Sraiie =
« Itis difficult to follow the horizons across the onshore/offshore break (no continuous line and severe multiples). S ’ e oamultiple
: : . I : . = | flecti ; e g : L
Therefore, the lower series were directly defined from the seismic character, in the following order: o Terecton , : ji| (nothing having this
: 552—-,. ST il shape appears
) ) ) L . ) Cl ' SR d
(&) Top Lower Windsor: defined as top of a salt pillow encountered in line F of 8624-T007-006E survey (see Figure 1 to illustrate the R ;,T : uwa )

case for this pick);

1200
|

(b) Top Windsor: the synthetic traces in the wells show that the Windsor Formation has a much stronger reflectivity than the overlying
Mabou Formation which is rather quiet (Figure 2). Scanning the 2010 survey lines (best quality in the study area), a frank limit of

1400

seismic feature is always present between the Westphalian/Namurian Unconformity and the Top Lower Windsor. Located between I LPJ» JWWL g -
the first third and the half of this defined layer, it separates a weak energy sub-layer overlying strong seismic events (blue ellipses = g%—
in Figure 3 and 4, labelled as “strong events”), whose onset was defined as Top Windsor; g5
(c) Top Horton: as with the basement, it was mainly picked on 2010 survey lines as presented below (Figure 2 - Lines 6 and 22). A §§_'
seismic facies inferred to be typical Horton facies has been observed above the basement on line | of the 8624-T007-006E survey ]
(see PL. 5.3.2.3); S—
(d) Top Basement: as with the Horton, it is mainly visible on the 2010 survey lines. It is clearly defined as a major angular unconformity, -
typically structured in tilted blocks in some of the clear lines presented below. s
E_i r o
iR i 2 4 LY e . oy e T = S ol 2 t i
Figure 1: (a) Definition of top Lower Windsor from seismic pattern as top of
| the salt pillow in line F — (b) Its picking
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Figure 3: Definition of 3 horizons on Line 1 Figure 4: Definition of 3 horizons on line 3

PL. 5.2.1.6 Definition and Start-up of the Horizons
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Velocity M

A 3D velocity model was built within the survey area to obtain a time (TWT) to depth (Zss) conversion model. As no seismic velocity was I
available, we used the original velocity data from the 3 offshore wells (Figure 1), the sonic drift < 10 ms being negligible. F-24 and P-05 : ; '
are very close and P-91 is isolated on the Cabot structural high. Their specific locations are unsuited for simple velocity interpolation and

extrapolati

To build the velocity model, an analytic approach was attempted: assessment of analytic laws as functions of the burial. When plotted in
depth (or time), the velocity increases with the compaction (Step 1a), but requires first of all correction for the water column effect (Step
1b — Figure 2). Additionally, velocities at P-91 are high due to the effect of an initial compaction prior exhumation of the Cabot structure.
Therefore P-91’s velocity must be corrected for the burial (Step 1c - Figure 3).

Binomial regressions were extracted and joined together (Step 2) before inputting them into DecisionSpace Desktop (Step 3).

odeling

on.

[NB: all velocities are labelled in meters/second]

First Step: Velocity Log Preparation

(a) Computation of the smoothed interval velocities from the sonic logs (Figure 1 in red);
(b) Referencing of the logs to True Vertical Depth from Sea Bed (TVD SSB — Figure 2);
(c) Referencing of P-91’s log to equivalent burial state as for the two other wells (Figure 3).

TVD (m) F24 P-05 P91
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a 150| |2000 Fooo [u] 150|200 7000 a 150| |2000 FOoo
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Figure 2: Referencing of the logs in True Vertical Depth from Sea Bed
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Figure 1: Original velocity logs in the three offshore wells (sonic drift < 10ms)
(green: instantaneous velocity — red: smoothed 15 Hz — black: average velocity)
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Figure 3: Referencing P-91’s velocity log at equivalent burial state

Second Step: Analytic Regressions

(&) Binomial regression from the three wells (Figure 4);
(b) This regression cannot be used below 3 km (apex of the square function — Figure 5) — second binomial regression from P-91 for high depths (Z > 3 km SSB = TWT >
1300 ms SSB - Figure 6);

(c) This second regression cannot be used below 6 km (apex of the square function — Figure 7) — assignation of 6000 m/s constant velocity from 6 km SSB = 2230 ms SSB
(in P-140: Vp in basement = 5800 m/s)
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| . Figure 5: Unsuitability of the first regression for Z > 3 km
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Figure 4: First binomial regression
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Figure 6: Second binomial regression for Z > 3 km Figure 7: Unsuitability of the second regression for Z > 6 km

Velocity Modeling PL.5.2.2.1
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Figure 1: Final velocity model in four TWT layers Figure 2: Example of the velocity field on line 81-1104 :
Third Step: Inputting into  DecisionSpace Desktop ’s Velocity Modeling NW Line 81-1121 Line 81-1121 £
(@) Creation of two artificial horizons (Sea_Floor_+1300ms and Sea_Floor_+2230ms) R O O P R ) B T O A O I 1 e
(b) Definition of the four layers in TWT (Figure 1); - — '
(c) Assignment of the model to the lines for direct conversion (Figure 2). 3 : T [ L 0
QC'ing the Velocity Model : =
Model QC can only be made through the picks present in the three wells and whose horizons are interpreted g
(Top South Bar, Westphalian/Namurian Unconformity and Top Windsor). g
L
E
This error is displayed in Figure 3: for the North Sydney wells, it remains very low (< 3%) which is acceptable,
whereas — from construction — the analytic model has excessively low velocities in the Cabot High (~ 10% too
low). Therefore, a local correction was made around the Cabot High to adjust the depth conversion to the well
values.
Examples of the time-to-depth conversion are illustrated in Figures 4 and 5. B . e
Eal WA BTN R AN e b L Y g 0 E -
F-24:in TWT (left) then Zss (right)
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Average Velocity maps

An average velocity map from the sea level datum was computed for each of the interpreted
horizons. They show a regular increase of their values with the compaction depth.

Average Velocity Maps
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Horizon Definitions:
The shallowest interpreted horizons in Sydney Basin are the Base Mesozoic and Pictou Unconformities. The horizon named “Base Mesozoic Unconformity " is an erosional surface corresponding to attrition by the ancestral Saint Lawrence River that has been present since the Mesozoic. It is
the shallowest unconformity present in Sydney Basin. The lateral extrapolation of this unconformity is simple to track because it is an erosional surface that cuts across all previous formations, as shown on Figures 1 and 2. The Base Mesozoic Unconformity map (Figure 3) shows the influence
of the Saint Lawrence River and its tributaries draining Nova Scotia north of the St. Anns Bank, and Newfoundland on either sides of the Burgeo Bank.
The horizon named “Pictou Unconformity " is an intra Pictou erosional surface that has been correlated with the base Permian. Its age has been estimated at 300 million years. It can only be observed in two locations (Figure 5) along the Cabot fault zone constituting the NW limit of the
Sydney Basin (see seismic lines 4005) where it cuts the top of the Sydney Mines Formation, and in the center of the Sydney Basin (see seismic lines 8624-T007-006E-1). In the rest of the Sydney Basin, the Pictou Unconformity has been truncated by the Base Mesozoic Unconformity.
Seismic Picking and Uncertainty
Though penetrated by the three offshore wells, none of these unconformities have been properly calibrated. The well to seismic tie is not constrained at Saint Paul P-91 as the stratigraphic records starts 610 MD in the Mabou Formation. Top Sydney Mines is the shallowest horizon tied with
the offshore North Sydney wells P9 and F24. Despite the lack of well ties, the lateral extrapolation of the Base Mesozoic and Pictou Unconformities are relatively easy to track when associated with obvious truncations.
J

Base Mesozoic and Pictou Unconformities PL. 5.3.1
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Figure 2: Seismic line 8624-T007-006E-I reflectivity data showing Top Sydney Mines Fm. truncated by oo ommmm e e e e e e e e e e e
the Base. M_esozoic and PiCtOU. Unconformities. This flgure shows a s_.eismic_facies HA-HF Iocally Figure 3: Thickness map between Top Sydney Mines Formation and Top South Bar
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seams. For seismic line locations, see Figure 3. that the depocenter is located between the North Sydney Fault Zone and Scatarie Ridge.
Horizons and Structural Description
The horizon named “Top Sydney Mines Formation " is a surface tied through offshore wells North Sydney P05 and F24 (PL. 5.2.1.3; 5.2.1.4). The age of this surface has been estimated at 309 million years. The Sydney Mines Formation is affected by broad folding; the anticlines are
truncated by the Pictou Unconformity and the Base Mesozoic Unconformity as shown on Figure 2. Sydney Mines Formation is eroded over the Scatarie Ridge. The high amplitude — high frequency seismic facies (HA-HF SF) is locally characteristic of the Sydney Mines Formation and
interpreted as being due to the presence of coal seams within strata deposited in a strictly continental environment.
Well to Seismic Tie
The well to seismic tie is not constrained at Saint Paul P-91 as the stratigraphic records start 610m MD in the Mabou Formation. Top Sydney Mines is the shallowest horizon tied with the offshore North Sydney wells P9 and F24.
Seismic Picking and Uncertainty
The lateral extrapolation of the Top Sydney Mines Formation away from the North Sydney wells is uncertain due to the presence of multiples and the fact that the Sydney Mines Formation is sometimes eroded by the Base Mesozoic and Pictou Unconformities.
&

( PL. 5.3.2 Sydney Mines Formation
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Figure 4: Depth (TVDSS) Map of Top South Bar Formation showing the Sydney
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Horizon Definition and Structural Description

The horizon named “Top South Bar Fm.” is an surface corresponding to the top of a continental series (Figures 1 and 2). The age of this surface has been estimated at 315 million years. Although the South Bar Formation is known to be represented by massive sandstones (outcrops and wells
sampled on highs), the presence of high amplitude and high frequency seismic facies suggest the possible presence of coal seams in the depositional lows as observed on seismic line 8624-T007-006E-1 5 (Figure 2 on the previous plate). Use of instantaneous phase emphasizes the
unconformity displayed through enhancement of onlaps and truncation at its base, and demonstrates the presence of multiple unconformities within the Cumberland Group continental strata. Among these, one of the main intra-Cumberland Group unconformities is observed at Top Waddens

Cove Formation clearly visible on instantaneous phase display (Figure 2) showing the Waddens Cove strata onlapped by the Sydney Mines Formation.

Well to Seismic Tie: The well to seismic tie is done using both North Sydney wells P9 and F24.

Seismic Picking and Uncertainty:

The well to seismic tie is acceptable at that level, but horizon propagation away from wells is affected by the presence of multiples over most seismic vintages.
The lateral extrapolation away from the wells was aided by the high amplitude — high frequency seismic facies that seem characteristic of the South Bar Formation. Nevertheless, lateral seismic facies changes are observed within the South Bar Fm.

South Bar Formation

PL. 5.3.3
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Figure 5: Thickness map of the Mabou Group beneath the Westphalian- Namurian Unconformity and
Top Windsor Group showing that it is mostly preserved in the central part of the Sydney Basin.
Horizon Definition and Structural Description
The horizon named “Westphalian/Namurian Unconformity” is an erosional surface corresponding to the top of the Mabou Group represented by either the Point Edward or Cape Dauphin Formations. The age of this surface has been estimated at 323 million years. The Westphalian/Namurian
Unconformity represents a major hiatus. In some areas the Westphalian - Namurian Unconformity has eroded all of the older strata down to the pre-rift series. Deep erosional features associated with a high impedance contrast reflector are present along the edges of the Sydney Basin as
observed on seismic line 81-1113. Three displays of seismic line 81-1113 show interpretations of the entire suite of named horizons: Base Mesozoic Unconformity, Top Sydney Mines Formation, Top South Bar Formation, Westphalian/Namurian Unconformity, Top Windsor Group and Lower
Windsor Group. Figures 1 and 2-1 show the high impedance contrast associated to the Westphalian - Namurian Unconformity. Toward the center of the Sydney Basin (i.e. away from the basin edges) the Westphalian/Namurian Unconformity passes to a disconformity difficult to trace with
certainty in the main depocenter as shown on the reflectivity data display of seismic line R-18 (Figure 3). Further, it is losing its typical signature on the seismic lines affected by multiples. Lastly, the Mabou Gp. thickness map may suggest the possible presence of lacustrine strata deposited along
the Scatarie Ridge.
Well to Seismic Tie
The well to seismic tie is done through both North Sydney wells P-05 and P-24.
Seismic Picking and Uncertainty
The lateral extrapolation of the Westphalian/Namurian Unconformity away from the wells was aided by its main feature: it is the primary unconformity in Carboniferous sediments, especially visible in 1981 and 1983 PetroCanada surveys, and also near the Cabot High on the Lithoprobe line.
Deeper in the basin (2010 survey lines), it appears to become locally a conformable surface located at the transition between the Morien Group and the Mabou Group.
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unit between the red horizon and top Lower Windsor Group) shows a southward
depocenter shift.
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Figure 1: Reflection data display of the 2010 seismic line survey (location Figure 3). The
Uppermost Windsor Group shows a series of high amplitude — high frequency continuous
reflections tentatively delineated and interpreted as shallow marine shales. Figures 1 and 2 are
displayed at the same scale (see Figure 2). Seismic line locations are shown on Figure 3.
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Figure 2: Seismic transect showing thickening of the Windsor Gp. towards Scatarie Ridge. Facies
transition is expected to be from shallow water carbonate on top of basement structure (see also Figure
1) to a shallow marine environment as imaged by the presence of salt and high amplitude — high
frequency continuous reflections above the Top Lower Windsor. Composite seismic line locations are
shown on Figure 3.

5320000

Seismic marker: Top Windsor N

= Reference wells 1 ; ) A
) / / ) ]

g- Well Name Xim (M) Yum(m) ~ Worker dootn

irch Grove-1 P-84 736786 5114736

Newfoundland

B _ 5
CCSNS-1 P-140 731648 5118046 - 5N
North Sydney F-24 744313 5160810 - ’ £y
J||North Syaney P05 748608 5173254 -

‘Saint-Paul P-91 710101 5229203 -1257

Map Legend Geological Map Legend |
= ~Poundarios Pictou Group
Morien/Cumbertand Group
Mabou Group
[ Windsor Group
Horton Group
Pre-rift series

i Coast
Ccall for bid 2017

/. Protected Area

= Faults

[ Non-deposit
Erosion

1

Color table
T s

5220000
1

- -2000m

5200000

|
I 4

5180000

{ Vi-’
, Nova Scotia =

5160000
S

~~ R,

st20000 140000
!
Ns

Projection system: UTM 20N
Dalum; NAD27
Ellipsoid: Clarke 1886

5100000

Datum plane: Mean Sea Level
Conlour interval: 200m

o 20000 40000m

1 : 800000

T T T
300000 920000 940000
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Figure 4: Thickness map of the Upper Windsor Group showing two depocenters,
one along the Burgeo High and the other along Scatarie Ridge.

Horizon Definition and Structural Description

The horizon named “Top Windsor Group” corresponds to the top of the Woodbine Road Formation in the center of the Sydney Basin or lateral equivalent of the Upper Windsor Formations. The age of this surface has been estimated at 331 million years. The Top Windsor Group is associated
with an average impedance contrast reflector as observed on Figures 1 and 2. Instantaneous phase displays enable the picking of truncations and onlaps, and show clear lateral seismic facies changes within the Woodbine Road Formation, from transparent seismic facies toward higher

amplitude and higher frequency seismic facies.
Well to Seismic Tie and Seismic Picking Uncertainty

None of the North Sydney wells have penetrated the Windsor Group. Well P-91 is the only well that penetrated the top of the Windsor Group. Well P91 reached the Sydney River Formation within the Lower Windsor Group. Nevertheless its position over the Saint Paul High does not allow the

propagation of the Top Windsor horizon on either side of this block with confidence.

Top Windsor Group has been picked along a horizon representing an unconformity. Toward the edges of the Sydney Basin, the upper Windsor is partly eroded by the Westphalian/Namurian Unconformity. On the 2010 seismic survey, an additional horizon could be picked within the Upper
Windsor attributed to the base Uppermost Windsor Group. Observed lateral seismic facies variation can be mapped in the center of the Sydney Basin as shown on Figures 1 and 2. Location of transparent versus high amplitude — high frequency seismic facies are interpreted as representing
respectively continental or stratified marine strata as shown on Figures 1 and 2. Comparison between the Uppermost Windsor Group and Lower Upper Windsor Group - respectively equivalent to the “Woodbine Road and Meadows Road Formations” - thickness maps shows a southward shift
of the Upper Windsor depocenter (Figure 6). It's notable that the structural map (Figure 3) is missing part of the Top Windsor, whereas the thickness map (Figure 4) shows a complete record. This is due to the fact that it is not because a top Fm is lacking that the entire series is eroded. Here the

Top Windsor is eroded by the overlaying formation, but upper Windsor sediments do exist in this area as suggested by the outcrops along the coast.

Upper Windsor Group

PL. 5.3.5
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seismic line 8624-T007-006E-L ext., resting over the Lower Visean shallow- phase displays. Itis developed over a basement high and onlapped by Upper Lower = ; R
water carbonates platform in the Magdalena Basin, east of the Cabot Fault Windsor Group. See seismic line location on Figure 3.

o . > Figure 4: Thickness map of the Lower Windsor Group showing depocenters in the
Zone. See seismic line location on Figure 3. 9 P P g dep

Searston deep pull-apart basin within the Cabot Fault Zone, along the North Sydney
Fault Zone and Scatarie Ridge.

Horizon Definition and Structural Description

The horizon named “Top Lower Windsor ” is a conformal surface represented by an evaporitic series. It is interpreted as locally representing the top of a salt diapir. The Lower Windsor Group represents the base of the Visean marine transgression deposited during thermal subsidence that post-
dates Tournaisian rifting. The age of this surface has been estimated at 337 million years. The presence of salt diapirs can be observed along the SE edge of Sydney Basin, i.e. Scatarie Ridge and Burin Platform (Figure 1). There are also a number of salt diapirs along the Cabot Fault Zone. The
typical transparent seismic facies associated with thick evaporites could not be delineated as it is obscured by the presence of numerous multiples. The series of high amplitude — high frequency continuous reflections at the base of the diapirs are interpreted as representing a shallow water
carbonate platform. Figure 2 shows carbonate build-ups or reefs resting on the basement high. In the neighbouring Magdalen Basin, Figure 5 shows a clear example of a salt diapir resting over the Lower Visean shallow water carbonate platform.

Well to Seismic Tie and Seismic Picking Uncertainty

St Paul P91 is the only well that has sampled the Lower Windsor but because of successive erosion it is impossible to laterally propagate the horizon from the well. The seismic picking is entirely based on seismic character and reflection configurations through comparison between seismic
vintages within the Sydney Basin and neighboring Magdalen Basin. For comparison, seismic line 8624-T007-006E-L ext (Figure 5) shows the seismic expression of the Lower Windsor Group further east in the Magdalen Basin where a prominent salt dome is resting over the Lower Visean
shallow water carbonates platform. It can be observed that the Lower Visean carbonate platform is better defined in the Magdalen Basin than in Sydney Basin.

PL. 5.3.6 Lower Windsor Group
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Horizon Definition and Structural Description
The horizon named “Top Horton Group” is an erosional surface corresponding to the top of the continental syn-rift infill that occurred during Tournaisian rifting. The age of this surface has been estimated at 346 million years (Figure 1 PIl. 3.2.1). The seismic expression of the top Horton
unconformity can be enhanced through the use of instantaneous phase displays. Figure 1 shows the Top Horton truncated underneath the onlapping base marine transgression of the Windsor Group. An alluvial fan can be delineated along the eastern edge of the North Sydney Fault Zone as
shown on Figure 2a. This alluvial fan is made of several lobes along the faulted edge of the graben induced by the North Sydney Fault Zone (Figure 2b). Locally a Middle Horton horizon can be picked and mapped within the deepest part of the Searston pull-apart basin as demonstrated on Figure
3a and Figure 3b. This Middle Horton horizon may correspond to the top of the intra-Horton lacustrine organic-rich shales, which are the primary source rocks within Sydney Basin.
Well to Seismic Tie and Seismic Picking Uncertainty
None of the offshore wells in Nova Scotia have penetrated the Horton Group. Seismic picking relies entirely on seismic character and reflection configurations and the knowledge of the Horton Group depositional environment within Sydney Basin.
Seismic picking is very much dependent of the picking of Basement (pre-rift series) forming the grabens infilled and onlapped by the Horton syn-rift series.
J
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Figure 1: Depth (TVDSS) Map of the basement and pre-rift series. The fault pattern is dominated by a series of SE-NW
dextral strike slip faults such as the Cabot and North Sydney Fault Zones.
1 = - ‘*‘,_.:'_'-:‘:::-:—::-':_,,_ | SW
Base Mesozoic Unc. O R ————
Top Sydney Mines Fm. o ¢ 7 ph | FTWK‘""':“':-« ‘ i
: e P s~ -
o I'" ‘- g .',.'.'. B Yo ....& LS o 1 . "
% TOP South Bar Fm. p,"‘<*,"‘:‘l'l:f.““‘:';"‘w.¢ ;). ‘\‘: L o L "i.{‘.; L '/"ih- 2% ! P2, 53" i
NPT ;,. l -'. :‘(‘“ 3 : ... ‘ & o s R - )" ‘_ = 3
Westam Une., bt e v e s
s s . ; "“':“,:‘,‘.' o -."‘-_' AL :'.'.‘.'ll;'_"j.'s_ '_..!'..::"rn b X E
. A e H
RN ' : Lower Windeor -
Mt ’\Q.‘, g Top Lower Windsor Gp. !
F
", A \0 3 S ) - g > wie 3 S
L AR S > o REr ARG ° st __;
= v Y. g % \ \f" A [ -
E ) :"al\’-?‘.’}‘l’: ,\‘.}‘\/ | E I
3 iy ;'c‘“f}r’f 1 s T
o b 2T% \J £ o B 3
- ), Tm = A AN o g - K
o . g AT A ke ﬂu’f‘- -y g
WP ARG --
- R TIPS A R T
RARTND e s | | :
RS A TR (e M e / -
X e J'J A : 4 ‘ ‘Jf AN \ 4 ~;.,'*"{ d a b, . . . N 9% +
,u\ / :h\\,;, .:; '--c::fiv,‘_i’ g iy b s \)‘f;._ﬁ . % Fré ; 3 A 4 Y _ Pre-rift series SOrS A T q1
SR LR N Aps g 827 T i 4 “\ s AN LR ; NT S SRR A WS N LN A S N P SV A e S SN AT ORAP AT 6 V) e ARG ST S S - R : .
o D e e T S S b N I A R AT D un o S St T Ve M T A8 T SRR G S e, 2 e 2
S (e R e | N o R A T A S R R AR T T R N L
- t’.:"‘r..“.L ; -3 .’ y L Y 3 3 o .‘-‘ y \3_ N “": . | v . o '-.;:" E
10 km kY ':’-. JeLN e R LR LTV X CATD S A R R A TN R s "/\r"‘. 11;.."' 'y
;‘. - ‘“\ 'x' ",-‘ '.4':'.‘.‘_ - % 4 ....‘_-.-”"- S o "". -P;,'.‘.
- o 2 I Yo PR 2 5% ALY / : RHL TV 2010 Survey line 3 R o
;. . e ! T B A R TRTTE A RS TR g Uk 3l AN - G SA0 iy . ) . I g
' T P b SNER N B ANERANT R e T g .»;i.\'l"*'v"-f'{‘\' R RO Lo RSO LT [ BT B W TE BN AR AN AR N ST S e s P SR A Ex A R R R R SN '4,"‘::;‘.".'-5 A
Fggure Za_Sﬁlsmi;c expresglon of the Ba;tla:ment and pre&rlft series. Two types of sehl_smt;c facies areh'l Figure 3: Seismic expression of the Basement and pre-rift series within the Sydney Basin depocenter. The left part is interpreted as
observed: the chaotic and transparent Sk is interpreted as intrusive or metamorphic basement while cristalline basement and the right part shows folded pre-rift series. See seismic line locations on Figure 1.
stratified SF represents the pre-rift series. See seismic line locations on Figure 1.
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